Summary
Introduction
Weight bias internalization (WBI) -also known as selfdirected weight stigma -occurs when individuals with overweight/obesity become aware of negative weightbased stereotypes and apply those stereotypes to themselves (1) . Thus, they turn weight-based societal scorn and devaluation inward and onto themselves (1, 2) . WBI is a relatively new construct that has received increasing attention in the obesity field because of its adverse implications for health (3) . Prior studies investigating WBI have primarily drawn from small community or treatment-seeking samples (1, (3) (4) (5) (6) (7) , with the exception of a few large population-based studies (8) (9) (10) . Across these studies, some demographic groups (e.g. women and White adults) have consistently reported elevated levels of WBI (3) . However, relationships between WBI and other characteristics, such as age, education and body mass index (BMI), have been inconsistent (3, (8) (9) (10) (11) (12) . Additionally, little is known about psychosocial correlates of WBI, such as specific types of weight-stigmatizing experiences (e.g. from family at a young age versus in the workplace at an older age) (13) . A more clearly defined phenotype of who internalizes weight bias -based on demographic characteristics and information about when, by whom, and to what degree individuals are affected by weight-stigmatizing experiences -is needed to further develop WBI prevention and intervention efforts.
In recent years, more evidence of WBI's negative relationship to weight-related health behaviours has emerged (3) . For example, WBI has been associated with increased binge eating in 18 studies, reduced physical activity engagement and motivation in 10 studies and reduced self-monitoring and other effective weight-control behaviours in four studies (3) . Two recent studies have also suggested that WBI predicts less long-term maintenance of lost weight (14, 15) . Despite this evidence, WBI is rarely addressed in most weight management programmes (3, 16) . A comprehensive evaluation of WBI in adults seeking weight-loss treatment is necessary to better identify individuals at risk for WBI and prevent downstream impaired behavioural and weight-loss outcomes.
Improving current knowledge of the nature and extent of WBI among treatment-seeking individuals requires more attention to measurement of this construct. Variation in measurement of WBI may account for some inconsistencies in previous findings and presents a challenge for systematically comparing effects across studies (3) . The primary measures of WBI are the Weight Bias Internalization Scale (WBIS) (1), the weight-neutral version of the scale (WBIS -Modified [M]) (17) , and the Weight SelfStigma Questionnaire (WSSQ; including a total score and scores on Fear of Enacted Stigma [FES] and SelfDevaluation [SD] subscales) (6) . Because of differing psychometrics, studies have varied in how many items from the WBIS and WBIS-M are included (3) . The WSSQ-FES subscale also diverges from some definitions of internalized stigma by including items pertaining to anticipated stigma, which may be a separate (though related) construct (18) . Greater examination and comparison of measures -their content and their correlates -will help to improve the rigor and consistency of research on WBI.
The current study had three aims: (1) to determine the extent to which adults engaged in weight loss reported WBI; (2) to identify correlates of WBI, including demographic characteristics and specific types of weightstigmatizing experiences; and (3) to compare these correlates between WBI measures (WBIS-M versus WSSQ). These aims were evaluated in a large sample of adults enrolled in WW (the new Weight Watchers), an empirically validated behavioural weight management programme that encourages healthy habits related to food, activity and mindset (19) (20) (21) (22) . Given that millions of Americans participate in weight management programmes each year (23), these treatment-seeking adults may represent a more generalizable sample than those from prior smaller, more tightly controlled treatment efficacy studies in clinical settings.
Methods
The study was open to WW members residing in the USA who were 18 years or older and had participated in WW for at least 3 months. Data were collected from September 2017 to April 2018 from 'Digital + Studio' WW members, whose membership included in-person workshops (i.e., studio) and access to the WW app and online tools (i.e., digital). Members were recruited via an email from WW inviting them to participate. For the first 2 weeks, invitation emails were sent to a random set of 10,000 Digital + Studio members; for the remaining weeks, this was increased to 15,000 per week (totalling 305,000 Digital + Studio members). Additionally, a random sample of Digital members who had access to the WW app and online tools -but did not attend in-person workshops -and met the inclusion criteria earlier was recruited via invitation emails sent by WW between February and August 2018 (15,000 per week in the first month, 25,000 per week for the following 3 months and 35,000 per week for the final 3 months, totalling 850,000 Digital members).
Procedures
The random sample of WW members received an email describing an anonymous, voluntary online survey pertaining to 'experiences related to body weight and health, and challenges that come with these experiences such as stress, self-confidence and, stigma'. Interested participants could click an anonymous link to the survey (managed by the study researchers and hosted by Qualtrics), which began with an informed consent form. After clicking to provide consent, participants entered the survey consisting of an online battery of measures. The measures presented in this paper were part of a larger study examining weight stigma and its correlates with weight-related health behaviours. This study received institutional review board approval.
Measures
Weight bias internalization item of the original 11-item WBIS improves its psychometric properties (24, 25) , and the WBIS-M allows for assessment of WBI among individuals who do not identify as having overweight/obesity (17) . Scale items assess weight-related stereotype endorsement (e.g., 'I am less attractive than most other people because of my weight') and self-devaluation due to weight (e.g., 'I hate myself for my weight'). WBIS-M scores are computed by averaging the 10 items (rated on a 1-7 scale), with higher scores indicating greater WBI. In the current sample, the scale had strong internal consistency (Cronbach's α = 0.91). In addition to mean WBIS-M scores, prevalence of WBI was computed for this study with the frequency of participants scoring ≥4.0 and ≥4.88 on the WBIS-M. These cut-offs have been used in prior research to indicate 'high' WBI based on the midpoint of the scale (26) and one standard deviation above population norms (8) .
The WSSQ consists of 12 items, divided into the two subscales of FES and SD (six items each) (6) . FES items assess perceived and anticipated stigma from others (e.g., 'Others will think I lack self-control because of my weight problems'), and SD items assess negative selfperceptions and self-blame due to weight (e.g., 'I became overweight because I'm a weak person'). Items are rated from 1 to 5 and summed, with higher scores indicating greater WBI. The internal consistency of the total scale and each subscale was strong (α = 0.89, 0.88 and 0.81, respectively). No cut-offs have been established for WSSQ scores.
Weight stigma experiences
Participants responded to three yes/no items used in prior research asking if they had ever been teased, treated unfairly, or discriminated against because of their weight (27) . A dichotomous variable was computed to indicate whether or not participants endorsed any of these three items (i.e., had or had not experienced weight stigma).
Weight Stigma Time of Life Questionnaire (WSTOLQ)
The WSTOLQ was developed for the current study and administered only to participants who reported experiencing weight stigma. Participants were asked to indicate the time period in which they first experienced weight stigma (i.e., onset): childhood (≤10 years), adolescence (11-19 years) , young adulthood (20-39 years), middle adulthood (40-59 years) or older adulthood (≥60 years). Participants also rated (1-7) the frequency ('never' to 'extremely often') and distress ('not at all upset' to 'extremely upset') of their weight-stigmatizing experiences during each time period and in the last year.
Interpersonal sources of weight stigma
Developed and tested in prior research (13, 28) , the Interpersonal Sources of Stigma scale assesses the frequency (never, once in your life, more than once in your life, or multiple times) participants had experienced weight stigma from 25 potential people. Individual sources were grouped into the following categories: family of origin (mother, father, sister, brother), extended family (grandmother, grandfather, aunt, uncle, cousin), family of procreation (spouse, son, daughter), friends, workplace (coworker, employer/supervisor), school (classmate, teacher/professor), health care (doctor, nurse, dietitian/nutritionist, mental health professional) and community (authority figure, general community members, sales clerk, restaurant servers). For this study, source categories were coded as 'yes' if participants reported experiencing weight stigma once in their life from any of the included individual source items. Participants who did not encounter a given interpersonal source (e.g., did not have a brother) could respond 'never' or leave the item blank.
Participant characteristics
Participants reported their sex, race/ethnicity, age, marital status and highest level of education. BMI was computed from self-reported height and weight, and participants were divided into BMI categories. Participants reported their age of overweight onset, duration of their WW membership (3-6 months, 6-12 months, 1-5 years, ≥6 years) and WW membership type (Digital + Studio versus Digital).
Statistical analyses
Descriptive statistics were computed for all variables. Correlations and analyses of variance (ANOVAs) were used to identify participant characteristics associated with WBIS-M and WSSQ total scores. Post hoc pairwise comparisons were used to identify differences in WBI within categories of variables (e.g., race/ethnicity).
Separate regression models, controlling for all participant characteristics with independent associations with WBI, were conducted to test the effects on WBIS-M and WSSQ total scores of: experiences of weight stigma (all three items and yes/no to any); time period of weight stigma onset; frequency and distress of weightstigmatizing experiences during each time period and in the last year; and interpersonal sources of weight stigma.
All weight stigma variables were initially tested in separate regression models to establish independent relationships with WBI. The exceptions were frequency and distress of stigma variables for the same time periods (e.g., childhood), which were included in the same models in order to assess relative predictive strength. Additional tests of models, including all variables within each variable category (e.g., all interpersonal sources of stigma), were conducted to identify the total amount of variance in WBI accounted for by the construct. Supplemental analyses were conducted repeating all analyses for the two WSSQ subscales.
Because of the number of analyses and large sample size, only p values ≤0.001 were considered significant (29, 30) .
Results

Participants
A total of 25,967 individuals entered the survey website (3.5% response rate for Digital + Studio members and 0.8% response rate for Digital members). Of those, 2,535 participants were ineligible for the study because they declined to consent (n = 658), had a WW membership for less than 3 months (n = 477), were under the age of 18 (n = 17), closed the survey before completing the eligibility questions (n = 1,290) or indicated only participating in the digital WW programming before the study expanded to include Digital members (i.e., before February of 2018; n = 93). A total of 23,432 individuals who entered the survey were eligible to complete it; 4,663 were excluded for failing to complete at least 50% of the survey (n = 2,728) or for failing to provide key demographic or anthropometric information (i.e. BMI, sex, race: n = 1,935). After all exclusions, the final sample consisted of 18,769 participants. Table 1 reports participant characteristics for the full sample and separately for Digital + Studio members (56.5%) and Digital members (43.5%). Some differences emerged between member groups. For example, relative to Digital members, Digital + Studio members were older (M = 54.8 vs. 48.8 years, p < 0.001) and had a higher mean BMI (32.3 vs. 31.4 kg m À2 , p < 0.001).
Prevalence of weight bias internalization and experiences Correlates of weight bias internalization Tables 3 and 4 present the participant characteristics associated with WBIS-M and WSSQ total scores, respectively. Across both measures, WBI scores were higher among members who were younger and female, had higher BMIs, and had a younger age of overweight onset. WBI was lower in participants who were Black, were widowed or had a romantic partner, and had postgraduate education. Overall, participant characteristics accounted for 18.3% of the adjusted variance in both WBIS-M and WSSQ scores.
Weight stigma and WBIS-M
When all participant characteristics with independent associations with WBIS-M scores were included in the same regression model, significant associations were found between WBIS-M scores and age, sex, race (Black, relative to White), BMI, marital status (divorced, separated, and never married, relative to married), age of overweight onset, and WW membership duration (6-12 months and 1-5 years, relative to 3-6 months). Table 5 shows the effects of all weight stigma variables on WBIS-M scores, controlling for significant participant characteristics. Any experience of weight stigma was associated with significantly higher levels of WBI than not experiencing weight stigma. Experiencing weight stigma for the first time in childhood and young adulthood was associated with higher current levels of WBI, while onset of weight stigma during adolescence was associated with lower levels of WBI. Distress caused by weight stigma in the past year had a stronger association with WBIS-M scores than did distress during other times, and generally, distress during any time period was a stronger correlate of WBIS-M scores than frequency of experienced stigma. All interpersonal sources of stigma were significantly associated with higher WBIS-M scores, although the β values for extended family and school sources were very small (<0.10). When all three items for different types of experiences of weight stigma were included in the same model, the 
Weight stigma and WSSQ
When including all significant participant characteristics in the same model, significant associations were found between WSSQ total scores and: age; sex; race (Black and Hispanic, relative to White) BMI; and age of overweight onset. Results were largely consistent with those found in the regression models for WBIS-M scores ( 
Supplemental analyses
Tables S1-S4 present correlations, ANOVAs, and regression results for the WSSQ subscales. Some results were consistent across measures, such as associations with age, sex, BMI, race/ethnicity, and age of overweight onset. However, differences emerged with respect to education and romantic partner status, with which FES scores were significantly associated but not SD scores. Additionally, FES scores were higher in Digital + Studio versus Digital members, while SD scores showed the reverse pattern. Both subscales were significantly associated with weight stigma experiences and interpersonal sources, although effect sizes were generally larger for FES versus SD scores (R 2 change = 0.13-0.16 vs. 0.02-0.03). Early life onset of weight stigma and frequency of stigma in all time periods except the last year were also not significantly associated with SD scores but were experiencing weight stigma (n = 11,924 for total sample, n = 6,893 for Digital + Studio and n = 5,031 for Digital members). Denominators in the percentages for WSTOLQ and Interpersonal Sources of Stigma items represent the total sample size (and sample sizes for all participants with both types of WW membership).
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Discussion
In this large sample of adults enrolled in a commercial weight management programme (and the largest study of WBI to date), mean levels of WBI were relatively high, with almost 60% of participants scoring ≥4.0 on the 7-point WBIS-M scale. Over one-third of participants scored one standard deviation above mean WBIS-M scores previously documented in a general population sample of adults, in which approximately 20% endorsed particularly elevated levels of WBI (≥4.88) (8) . Thus, the present treatment-seeking sample, which represented approximately 4% of eligible respondents, reported substantially higher rates of elevated WBI compared with a large non-treatment-seeking sample (8) . These differences may, in part, be attributable to the predominantly White and college-educated sample characteristics, as well as potential selection bias of participants who were interested in weight stigma. Of note, some smaller studies of treatment-seeking samples have reported mean WBIS scores comparable with levels found in this study (31, 32) , and prior studies of patients with binge eating disorder or seeking bariatric surgery have documented higher mean scores (33, 34) . Thus, these findings fit within the broader literature, suggesting that people seeking weight-loss treatment may have elevated WBI in comparison with the general population (8, 33) . Across two measures, WBI was higher in women and those with younger age, higher BMI (particularly participants with obesity), and younger age of overweight onset. Consistent with prior research (7, 8) , WBI was lower in Black versus White participants and in individuals with higher levels of education. Participants who were married or widowed had lower levels of WBI, while those who were divorced, separated or never married tended to have higher levels of WBI. These differences may reflect the protective nature of social support, which future research can examine more directly in relation to WBI. Across both WBIS and WSSQ analyses, any experience of weight stigma was associated with higher levels of WBI. Among people who had experienced weight stigma, significant associations were found for the time of weight stigma onset and frequency and distress of stigmatizing experiences, as well as for interpersonal sources of weight stigma. Overall, reported frequency and distress of stigmatizing experiences across the lifespan accounted for more variance in WBI (e.g., 23%
for WBIS-M scores) than did stigma onset or sources. In comparison with reported frequency, distress scores had stronger associations with WBI, and these associations were particularly strong for more recent time periods of stigma (last year and middle/older adulthood). Thus, ongoing distress about weight stigma may have a more potent relationship with current WBI, although stigma frequency and distress at any time were independently associated with increased WBI levels. Consistent with this finding, experiencing weight stigma from school sources (which likely occurred during participants' younger years) had weaker associations with WBI than most other sources. However, onset of weight stigma later in life was not associated with WBI, whereas younger age of overweight onset was related to higher WBI. A potential cumulative effect may occur by which early exposure to weight stigma and continuing stigmatizing experiences in later years increase vulnerability to internalizing stigma. Alternatively, people with higher levels of WBI may recall greater experiences of and distress about weight stigma retrospectively. This underscores the need for longitudinal investigations of WBI and exposure to stigma over time.
An unexpected pattern emerged with respect to onset of weight stigma and WBI. While first experiences of weight stigma in childhood and early adulthood were associated with greater WBI, onset of weight stigma in adolescence was associated with lower current levels of WBI. Adolescents experience teasing, social exclusion, and other forms of peer victimization for many reasons aside from weight (35) . It is possible that, if adolescents with overweight/obesity witness others experiencing teasing/bullying, they may perceive weightstigmatizing experiences as a normative social challenge, thus making them feel less alone than during other times in life when peer victimization is less common. Nevertheless, although weight stigma onset in adolescence was related to lower WBI, higher frequency and distress of weight stigma during adolescence was still associated with higher WBI, and there may be other adverse outcomes not reported in the current study that are associated with weight stigma onset during this time. These results should also be interpreted with caution due to the small β values for weight stigma onset (absolute values <0.10). Research on WBI in youth is currently limited (3), and this study was restricted to retrospective reports of weight stigma. More research is needed to clarify potential differential effects of first experiencing weight stigma during adolescence compared with other periods of life.
While some differences between the WBIS-M and WSSQ measures emerged, the two measures were largely consistent in their associations with weight stigma variables. However, the FES and SD subscales diverged in their associations with education, romantic partner status, and several WSTOLQ items (including weight stigma onset). Of note, all differences in subscale scores by participant characteristics were small, and β values for weight stigma onset were <0.10. Given the secondary nature of these analyses, the observed differences could have been spurious findings despite having p values ≤0.001. Still, these differences could suggest that the two constructs measured by these subscales -anticipated stigma (FES) and internalized stigma (SD) -may indeed be distinct rather than synonymous or even complimentary (18) . The FES subscale may pertain more to stigma consciousness or social identity threat (rather than internalized stigma), which account for awareness of having a devalued social identity (i.e. due to weight) and fear of maltreatment but do not require endorsement or self-application of these negative societal views (36, 37) . These divergences should be considered when interpreting the WSSQ total score and more broadly point to the need for development of additional WBI measurement. It may be useful to generate measurement items from patient-centred communications with diverse groups of adults in focus groups and semi-structured interviews (38) , rather than from researchers' knowledge as has been performed in prior work (1, 6) , in order to more accurately isolate WBI from other stigma processes. Given the high levels of WBI observed in the present study, and prior evidence of links between WBI and poor weight-related health, efforts to develop additional measures of WBI should include individuals engaged in weight-loss efforts.
This study is the first to examine the prevalence and correlates of WBI in a large treatment-seeking sample and represents the largest study of WBI to date. The study's inclusion and systematic testing of multiple WBI measures within the study is novel and highlights the need to further refine assessment tools and better define the 'phenotype' of someone who internalizes weight bias. This study is one of few to have attempted to build a phenotype by identifying stigma-related predictors of WBI (13, 39) . The inclusion of commercial weight management programme members -including those who use only the digital plan -increases the ecological validity of our findings more than smaller studies that examine participants in tightly controlled weight-loss trials with specific exclusion/inclusion criteria. Our findings suggest that WBI may be highly relevant to Obesity Science & Practice Weight bias internalization in weight management R. L. Pearl et al. 351 people seeking weight loss, and targeted interventions for WBI should be developed and tested in both commercial and non-commercial weight management programmes.
However, this sample was limited in its gender and racial/ethnic diversity, thus limiting the generalizability of the findings. Prior work has found that WBI and its effects on weight loss may be stronger in White versus minority adults (15) , so more research is needed to explore weight stigma and its internalization among minorities, including potentially culture-specific aspects of WBI that may not be incorporated in current measures. In addition, the study response rate was very low, and the survey may have attracted participants for whom weight stigma was particularly relevant or salient. Thus, these findings may not be representative of WW members or people who seek weight-loss treatment. Different survey methods (e.g., 1,000 consecutive enrollees) are needed to determine the prevalence of WBI in WW and other treatment-seeking samples. The regression models only accounted for, at most, 24-28% of the variance in WBI.
Factors not examined in this study -such as family weight history or depression -may also determine an individual's level of WBI (13, 40) . Qualitative research may help to identify other aspects of treatment-seeking adults' lived experiences that should be included in the WBI phenotype. Weight stigma variables relied on retrospective self-report, which may be influenced by current WBI, and conclusions about causality are precluded without experimental and longitudinal evidence.
Conclusion
Weight bias internalization was highly prevalent in a large sample of self-selected adults enrolled in a commercial weight management programme. Above and beyond demographic correlates of WBI, experiencing weight stigma was associated with higher levels of WBI. Early onset of overweight and weight stigma, distress due to weight stigma in recent years, and a range of interpersonal sources of weight stigma were associated with greater WBI. Given the relevancy of WBI to treatmentseeking populations, and its known associations with adverse health behaviours and outcomes (3), future studies should investigate potential impairment in weight management among those who self-stigmatize because of weight and develop interventions to mitigate these effects.
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